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Abstract

Lichen has been used as a bioindicator of disturbance and pollution effects for over 100 years, however
little is known about the relevance of lichen as a bioindicator in the tropics. Increasing fragmentation of
tropical forest is leading to increased forest area along exposed edges. Also increased energy
consumption is increasing levels of air pollution. Understanding the effects of pollution and edges on
lichens in the tropics can have important implications for conservation. In the Monteverde area I tested
edge effects and combined edge and pollution effects on lichen communities. A pasture, surrounded by
forest, should show edge effects, and a parking lot surrounded by forest should show edge and pollution
effects, on lichen communities. I analyzed the lichen communities for similarity and richness. I found 114
species of lichen in total, with more species in the unpolluted site. Similarity in lichen community
structure was moderate between the two study sites. I conclude that the lichen community along the
parking lot is different from the community along the pasture. I speculate that this is due to increased
edge effects and pollution effects. To determine the impact of pollution and edge on lichen communities
further studies of community composition are needed.

Resumen
El liquen se ha usado como un bioindicator de efectos de disturbio y contaminación del área para sobre
100 años, sin embargo es poco sabe acerca de la aplicabilidad del liquen como un bioindicator en los
trópicos. Fragmentación creciente del bosque tropical dirige al área aumentada del bosque por una orilla
expuesta. El consumo también aumentado de la energía aumenta los niveles de la contaminación aérea.
La comprensión de los efectos de la contaminación y orillas en líquenes en los trópicos pueden tener
implicaciones importantes para la conservación. En el área de Monteverde yo probé los efectos de la
orilla y la orilla y la contaminación combinadas realizan en comunidades de liquen. Un pasto, rodeado
por el bosque, debe mostrar la orilla los efectos, y un terreno que estaciona rodeado por el bosque debe
mostrar la orilla y la contaminación los efectos, en comunidades de liquen. Analice las comunidades del
liquen para la similitud y riqueza. Encontré 114 especie del liquen en el suma, con más especie en el sitio
no contaminado. La similitud en la estructura de la comunidad del liquen era moderada entre los dos
sitios del estudio. Concluyo que la comunidad del liquen por el terreno que estaciona es diferente de la
comunidad por el pasto. Especulo que esto esta debido a efectos aumentados de orilla y efectos de
contaminación. Para determinar el impacto de la contaminación y la orilla en comunidades de liquen los
estudios adicionales de la composición de la comunidad se necesitan.

Introduction
Lichen is a symbiotic association between a fungal partner and filamentous algae or
cyanobacteria (Raven 1999). The fungal partner, or mycobiont, gives lichen classification
in the Kingdom Fungi (Schneyer 1998). The algae partner is termed the photobiont. It
photosynthesizes providing nitrogen and carbon to the mycobiont, which provides a
suitable physical environment and absorbs minerals and moisture from the atmosphere
(Raven 1999). Growth forms of lichen vary but the structure of the lichen is uniform. It
consists of the upper cortex, a tough fungal layer, the photobiont layer, the
photosynthetic layer of the lichen, the medulla, the storage layer, and the thin lower

cortex containing rhizine, which attaches the lichen to the substrate. Lichen is found in
three growth forms: crustose, flattened and adhered to the substrate, foliose, leaf like, and
fruticose, bushy and branched (Raven 1999). All forms of lichen are wind dispersed
through asexually produced soredia, or through dioecous asci (Schneyer 1998).
Lichens have no true roots or contact with the soil. They also have no waxy
cuticle, and absorb all nutrients and water directly from the atmosphere (Gordon et al.
1995). In Venezuelan cloud forest lichens obtained all nutrient inputs from fog water in
the atmosphere (Gordon et al. 1995). As a result of constant intake of moisture and
nutrients from the atmosphere, epiphytic lichens are one of the most sensitive organisms
to air pollutants. Epiphytic lichens have been used as early indicators of air pollution in
North America and Germany (Scott and Hutchinson 1993).
A great deal of variance exists in lichens' sensitivity to air pollution (Miszalskki
and Niewiadomska 1993). Some lichens, such as the genus Hypogymnia, have low
sensitivity to atmospheric pollutants like S02. The reasons for variation in sensitivity to
pollutants are not all known, some speculations include metabolic activity and heavy
metal content of the thalli (Miszalskki and Niewiadomska 1993). Species found to be
sensitive to air pollution have been used as indicators of air quality for over 100 years
(Richardson 1993).
Lichens are not only sensitive to air pollution; they are also vulnerable to forest
fragmentation, which alters forest microclimate by creating more forest edges. Edge
effects are the abiotic and biotic changes, seen along the transition from one habitat type
to another habitat type. (Murcia 1995). A good example of the abiotic results of an edge
is the interface of a pasture and forest fragment. A pasture is higher in temperature and
lower in moisture then a forest under the canopy. This increased temperature and
decreased moisture extends perpendicularly from pasture edge, into forest fragment
(Murcia 1995). The distance that edge effects extend is debatable. Kapos and Matlack
found that edge effects extend 50 m from the edge (1989, 1993). In this study of forest
fragments north of Manaus, Brazil, Pimm (1998) found that edge effects, such as
changes in species composition, and wind damage extended up to 300 m from the forest
edge.
In tropical forests in Thailand, Wolseley et al. (1994) demonstrated the effects of
forest fragmentation on lichen communities. They found that when some lichen genera
were disturbed by increased temperature and decreased humidity they stopped
reproducing and growing. This intolerance to changes in forest structure leads to the loss
of certain sensitive species, and an increase in the abundance of species more tolerant to
disturbance. Another example of edge effects on lichens is the study by Esseen et al.
(1998) in which of the fruticose lichen, Alectoria sarementosa, showed a significantly
lower mass of epiphytic lichen along the forest edge than in the forest interior. This result
led them to conclude that certain lichens are only adapted to the stable environment of
the forest interior and therefore edge effects limit the habitat of such lichens. Therefore
lichen could be used for long term environmental monitoring of forest recovery and
climatic change (Wolseley et al. 1994).
Lichen is an important bioindicator in the temperate zone because of its
sensitivity to air pollution and forest fragmentation (O'Hare 1974). However, the value
of lichen as a bioindicator in the tropics is not well understood. Discovering lichen bioindicators in the tropics could have great value for monitoring pollution and edge
effects in the tropics. These bioindicators are especially important now since use of

energy, forest fragmentation, and human population are all increasing rapidly and these
factors have all been linked to declines in biodiversity (Cohen 1995, Pimm et al. 1998,
Pletscher and Schwartz 2000).
Along the forest edges in Monteverde there exists the opportunity to investigate
possible edge effects as well as air pollution effects on lichen communities. Pastures that
border forests should cause edge, but not pollution effects on lichen communities. Edge
and pollution effects should be evident in the lichen communities that border parking
lots.
I predict that lichens in Monteverde will have lower species richness along forest
edges where pollution is high and will have higher richness in the forest interior where
direct pollution is low. Reduced richness compared to the forest interior will also be seen
along disturbed edges with low air pollution.

Materials and Methods
Study Sites
I conducted this study from April 11 through May 6, 2002 at two sites in the Monteverde
area. These sites included the forests bordering the Campbell's Bullpen and the parking
lot of the Monteverde Cloud Forest Preserve (MVCFP). The Bullpen is a cattle pasture
surrounded on all sides by lower montane wet forest (Holdridge 1967). On two sides, the
Bullpen borders the Monteverde Cloud Forest Preserve and on the other two sides, it is
bordered by narrow windbreaks of secondary growth. I conducted my study on the
lichens in the forest edges of the Monteverde Cloud Forest Preserve side.
The MVCFP parking lot receives traffic everyday consisting of mostly personal
vehicles and tour buses. The parking lot is surrounded by lower montane wet forest. The
parking lot is adjacent to a laboratory and a number of other buildings.
Because the forest surrounding the Bullpen is exposed along the pasture but is not
exposed to car traffic, lichens should experience edge effects but not exposure to air
pollution. The parking lot of the MVCFP tested the effects of an exposed edge and air
pollution on lichen in the area.
Data Collection
At each site I selected three 100 meter transects perpendicular to the edge. In order to
minimize other disturbances to the lichen communities near the parking lot and the
Bullpen I chose my transects using the following criteria:
1. The forest stretched over 250 m from the edge so as to avoid edge effects from
other directions.
2. The forest by the cow pasture was fenced off.
3. The forest had no additional edges within the transect such as disturbances
from walking trails.
Along each transect I selected the five closest trees to zero, ten, and 100 meters with a
diameter at breast height (dbh) greater than 10 centimeters. I measured the dbh and
marked each tree at the height of 1.8 m. I recorded all lichens present on the trunk from 0
- 1.8 m. I digitally photographed each species, using a Sony Digital Mavica 81, and gave
it a morphospecies designation. Throughout my study I maintained a photographic
morphospecies library. This allowed me to easily recognize lichens I had recorded on
previous trees and to prevent inflation of species counts. I repeated this process for
fifteen trees along three transects at each study site.

Data Analysis
To assess if lichen communities at the MVCFP and Bullpen were affected by edge and
pollution plus edge effects I used the Jaccard shared species index and species richness
(Magurran 1988). I calculated species richness at zero, ten, and 100 m at the Bullpen and
the MVCFP. I also calculated total species richness for each study site. Using the Jaccard
shared species index, I tested community similarity between each distance at the Bullpen
and that same distance at the MVCFP. Using this same test, I looked for an effect of
distance on community composition by doing pair wise comparisons of lichen
communities at 0, 10, and 100 m at each site independently.
Lichen Identification
To access if the lichens found in the Bullpen, but missing from the MVCFP were
sensitive to edge and/or pollution effects I used the Botanical Garden and Botanical
Museum Lichen Determination key for Neotropical Genera (Sipman 2001) to key
lichens, out to genera.

Results
I found 114 species of lichen in total (Table 1). At the Bullpen I found a higher species
richness than at the MVCFP (S = 57 and S = 75 respectively Table 1). At the Bullpen
species richness was consistent from the edge into the forest interior (Figure 1). The
similarity of all lichen communities along transects at the Bullpen was moderate,
Jaccard indices of 0.54, 0.46, and 0.45, with the highest community similarity found
between the edge and the ten meter community (Figure 2).
Species richness at the MVCFP declined from the forest edge to the forest
interior (Figure 1). At the MVCFP the highest community similarity occurred between
communities at ten and 100 m, whereas the lowest community similarity occurred
between the lichen community along the edge and the communities of the forest
interior (ten and 100 m) (Figure 3).
Communities at zero, ten, and 100 m showed moderate to low similarity when
comparing the Bullpen to the MVCFP (Jaccard indices 0.41, 0.37, 0.4, respectively)
(Figure 4). Some lichens found at the Bullpen were absent entirely or missing from the
edge of the MVCFP.

Discussion
Species richness was consistent at all distances from the edge of the Bullpen, suggesting
that edge effects do not impact species richness (Figure 1). The lower species richness at
the MVCFP may be due to increased edge effects due to a more disturbed edge combined
with pollution effects, which eliminate pollution-sensitive lichens. However, increased
species richness was seen along the parking lot edge (Figure 1). Wolseley et al. (1991)
showed that many less sensitive species of lichen flourish with increased disturbance.
The disturbance along the edge of the preserve therefore may have created a community
with high richness composed of species insensitive to edge and pollution effects. The
variations in richness found between the MVCFP and the Bullpen could be explained by
the high overall species richness. This high richness may be coordinated with higher

rarity, i.e. infrequent sighting of individual species, so the lower diversity found at the
MVCFP may have been a result of not spotting rare species every time.
The low community similarity observed between the MVCFP and the Bullpen,
also could indicate that the lichens at the MVCFP are affected by different factors than
the lichens at the Bullpen (Figures 3 and 4). The low community similarity may have
been a result of greater edge effects and pollution effects altering the community
composition at the MVCFP.
The impacts of edge effects on the MVCFP lichen community become evident
when looking at community similarity of the Bullpen and the Reserve separately. At the
Bullpen, the community similarity was moderate and consistent for all possible
combinations of distances from the edge (Figure 1). Although species richness was not
affected by proximity to an edge, community composition was altered by distance from
the edge. The fairly unique community found along the edge of the Bullpen may have
been composed of lichen species adapted to the higher light and wind found along the
forest edge. The community of the interior forest most likely consisted of species less
tolerant to forest edge that were instead adapted to the darker, calmer, forest interior. At
ten meters the edge effect may still affect community structure, as this community was
most similar to the edge community.
At the MVCFP, the edge community was unique, showing low similarity to
communities at ten and 100 m (Figure 3). These lichen were not only edge tolerant but
also tolerant to the pollution and dust produced by the parking lot. The low similarity
between the edge community and the interior forest community may have been due to
some sensitive lichens being excluded from the forest edge. Two of the lichen missing
from the MVCFP, Hypotrachyna and Pseudevernia are noteworthy. Hypotrachyna was
shown to be sensitive to forest disturbance in a study of a Thailand Diptocarp forests
(Wolseley et al. 1994). The genus Pseudevernia, shows some sensitivity to air pollution
in temperate regions (O'Hare 1974). Also, in the study of Hypotrachyna, Wolseley et al.
(1994) concluded that lichen diversity is highest in long established and stable forests.
The disturbance along the edge of the MVCFP parking lot may have been
substantial enough to alter the lichen communities bordering the parking lot. I predict
that further specifics of community composition at the MVCFP and the Bullpen would
show sensitivity of lichen communities to edge and pollution effects.
Edge effects have long been shown to affect faunal and floral communities;
however edge effects on lichen in the tropics are poorly studied (Gordon 1995, Pimm
1998a). Lichens' sensitivity to pollution is not a temperate phenomenon. The use of
lichens as an indicator species of disturbance, and pollution in the tropics and has
important implications for conservation. Lichens have the potential to show early signs
of pollution effects that may be evident in the less sensitive flora and fauna of a forest.
Also, the probable sensitivity of lichens in the Monteverde area to edge effects points to
the importance of minimizing edge to interior ratios of forests. Minimizing forest edges
may prove essential to preserving sensitive organisms like lichens.
In further studies of lichen communities in the Monteverde Area, I would
consider the impact of microclimate differences on lichen distribution. Also I would
observe other organisms that may affect lichen distributions and abundance, such as
moss, which appears to out-compete lichen for tree space at higher elevations and
wetter conditions (Schneyer 1998).
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Table 1. Showing higher species richness at the Bullpen compared to the MVCFP.

Bullpen
MV CFP
Total

Species Richness
75
57
114

